Biological activated carbon (BAC) and membrane bioreactor (MBR) were systematically compared for the drinking water treatment from slightly polluted raw water under the same hydraulic retention time (HRT) of 0.5 h. MBR exhibited excellent turbidity removal capacity due to the separation of the membrane; while only 60% of influent turbidity was intercepted by BAC. Perfect nitrification was achieved by MBR with the 89% reduction in ammonia; by contrast, BAC only eliminated a moderate amount of influent ammonia (by 54.5%). However, BAC was able to remove more dissolved organic matter (DOM, especially for organic molecules of 3,000 , 500 Daltons) and corresponding disinfection by-product formation potential (DBPFP) in raw water than MBR. Unfortunately, particulate organic matter (POM) was detected in the BAC effluent. On the other hand, BAC and MBR displayed essentially the same capacity for biodegradable organic matter (BOM) removal. Fractionation of DOM showed that the removal efficiencies of hydrophobic neutrals, hydrophobic acids, weakly hydrophobic acids and hydrophilic organic matter through BAC treatment were 11.7%, 8.8%, 13.9% and 4.8% higher than that through MBR; while MBR achieved 13.8% higher hydrophobic bases removal as compared with BAC.
INTRODUCTION
Nearly 50% of surface water supplies in China had been contaminated due to the discharge of domestic and industrial wastewater without sufficient treatment, with ammonia and organics as the main pollutants. Organic matter in source water adversely affects drinking water treatment from many aspects. Apart from the problems of color, taste and odour, organic matter can result in the more difficult destabilisation of colloids, the formation of disinfection by-products, and the bacterial regrowth in distribution systems (Murray & Parsons 2004; Huang et al. 2008) .
Biological activated carbon (BAC) process has been widely studied and applied in China for the production of drinking water with high quality (Xu et al. 2007) . BAC is able to remove biodegradable organic matter (BOM) efficiently, which is the most undesirable fraction of organic matter in water. An additional benefit of BAC is the substantial reduction of trihalomethanes formation potential (THMFP) in the treated water. BAC filtration provides simultaneous adsorption of refractory organic matter and biodegradation of BOM in a single reactor (Seredyń ska-Sobecka et al. 2006) . Furthermore, in addition to the biodegradation of organic compounds dissolved in water, the biofilms on the external surfaces and macropores of granular activated carbon (GAC) are also capable of metabolising the organic matter previously adsorbed by the carbon (Scholz & Martin 1997 Membrane bioreactor (MBR) technology has gained particular interest and been applied to full-scale municipal wastewater treatment up to now (Lyko et al. 2007) . MBR enables unit processes of membrane filtration and biodegradation to be accomplished in one single reactor, and offers several advantages over conventional treatment processes, such as reduced footprint, high biomass concentration and excellent finished water quality. MBRs and their hybrid processes with pre-ozonation or powdered activated carbon (PAC) have also been studied for the drinking water treatment (Williams & Pirbazari 2007) . Unfortunately, the results about the effectiveness of MBR for organic removal seem to be controversial. Li & Chu (2003) found that 60% of total organic carbon (TOC) was removed in their submerged MBR; whereas Sagbo et al. (2008) only achieved satisfactory treatment efficiency when combined with PAC.
As two kinds of advanced water treatment methods, BAC and MBR have many properties in common, such as physical filtration of particles and biodegradation of organic matter and ammonia. However, it is not clear yet which one is more efficient for the production of drinking water.
In this paper, the effectiveness of BAC and MBR for the treatment of slightly polluted raw water was systematically compared. The advantages and disadvantages of both processes were also analysed, which might provide some reference data for water works in selecting the suitable advanced treatment processes. 
MATERIALS AND METHODS

Operation conditions
During the experimental period, the flux of the UF membrane in the MBR was set at a constant value of 10 L m 22 h 21 . The detailed information on the membrane fouling could be found in a previous paper by Tian et al. (2009) . Both BAC and MBR were operated with the same hydraulic retention time (HRT) of 0.5 h.
BAC was backwashed once a week. Except for membrane cleaning, no sludge discharge was conducted for the MBR during the experiments, which corresponded to a sludge retention time (SRT) of more than 80 days. The volumetric ratio of air and influent water was kept at 20:1 in the MBR, while the ratio was approximately 5:1
for the BAC to saturate the influent with DO. The suction pump of MBR was controlled by a timer based on a sequence of 8 min on and 2 min off in each cycle.
A predetermined amount of PAC (1.5 g L 21 ) was added into the bioreactor of MBR at the beginning of start-up to support bacterial growth; while there was no further PAC addition during the following experiments. Thus, the MBR used in this investigation could be regarded as a traditional one. The PAC (coal-based, Xinhua, Shanxi, China) had a particle size smaller than 200-mesh (95%), with a BET surface area of 1,030 m 2 g 21 and iodine number of 950 mg g 21 .
Before this investigation was performed, the BAC and MBR had been operated for more than 3 months feeding with the same raw water, and the stable state had been achieved. Thus, the adsorption capacity of the GAC in the BAC and PAC in the MBR was believed saturated, and microorganisms had colonized on the carbon surface.
However, the microorganisms could metabolise both the organic matter in influent water and that previously 
Raw water
The polluted raw water used in the study was simulated by 
RESULTS AND DISCUSSION
Comparison of turbidity removal by BAC and MBR Figure 2 shows the turbidity removal performance of BAC and MBR during the experiments. It could be seen that influent turbidity was decreased from 1.88^0.62 NTU to 0.70^0.16 NTU in the BAC, with a removal efficiency of nearly 60%, while more than 96% of reduction was achieved by the MBR, and the turbidity in the effluent was lowered to the level of 0.07^0.02 NTU. MBR exhibited much higher turbidity removal capacity due to the separation of UF membrane.
Comparison of NH 3 -N removal by BAC and MBR
In distribution systems, 0.25 mg L 21 of ammonia is sufficient to cause the growth of nitrifying bacteria, and thus lead to bacteriological deterioration of drinking water quality (Csanady 1992) . As shown in Figure 3a 
Comparison of organic matter removal by BAC and MBR
DOM removal
Total organic matter in water might be classified into particulate fraction and dissolved fraction. Particulate organic matter (POM) could be easily eliminated even in conventional treatment processes (coagulation, sedimentation and sand-filtration), while DOM is one of the major concerns due to the potential hazards to health and difficulty to be removed. From Figure 4a and b, it could be seen that the raw water had average DOC and UV 254 concentrations of 5.398^0.517 mg L 21 and 0.086^0.008 cm 21 , respectively. BAC decreased influent DOC by 26.3% on average, which was 4.8% higher than the (Figure 5b ). There was still POM contained in the BAC effluent, such as crumbs of the biofilms on the carbon surface, with the concentration averaging 0.309 mg L 21 in the experiments. However, the UF membrane in the MBR was able to intercept particles and colloids completely, with the effluent free of POM. This might be the reason that MBR achieved higher removal for total organic matter in comparison with BAC.
Disinfection by-products formation potential (DBPFP) removal
As shown in Figure 6, 
BOM removal
In order to further examine the removal of organic matter that related to the bacterial regrowth and biological stability in the distribution system, the performance of BAC and MBR for BDOC and AOC elimination was also studied and compared. As shown in Figure 7 MW distribution and fractionation of DOM removed by
BAC and MBR
The apparent MW distributions of DOM in the raw water, as well as the effluents of BAC and MBR, were also measured using SEC method (Figure 8a ). It could be seen that DOM with the MW range of 7,000 , 300 Daltons predominated in the raw water. The intensity of the absorbance peak between 4,000 and 300 Daltons was decreased after both BAC and MBR treatment. However, the BAC process was able to decrease more organic molecules of 3,000 , 500 Daltons when compared with MBR.
Results of the fractionation of DOM in the raw water as well as the BAC and MBR effluents were illustrated in 
CONCLUSIONS
In this investigation, BAC and MBR were systematically compared for the drinking water treatment from slightly polluted surface water with the same HRT of 0.5 h. The following conclusions could be drawn:
(1) MBR exhibited excellent turbidity removal capacity due to the separation of the membrane; while only 60% of influent turbidity was removed by BAC.
(2) BAC removed a moderate amount of NH 3 -N from the raw water (by 54.5%). By contrast, MBR was highly efficient for reducing influent NH 3 -N (89%).
(3) BAC was able to remove more DOM in raw water than MBR due to simultaneous adsorption and biodegradation; however, POM was detected in the effluent. As a result, the removal efficiency of total organic matter by BAC was lower than that by MBR. On the other hand, BAC and MBR exhibited essentially the same capacity for BOM removal.
(4) DOM with the MW range of 4,000 , 300 Daltons was reduced by both BAC and MBR; while BAC was more effective for the elimination of organic molecules of 3,000 , 500 Daltons.
(5) Fractionation of DOM showed that the removal efficiencies of HoN, HoA, WHoA, and HiM through BAC treatment were 11.7%, 8.8%, 13.9% and 4.8%
higher than that through MBR; while MBR achieved 13.8% higher of HoB removal than BAC.
Based on the conclusions shown above, it might be recommended that if the raw water has high content of ammonia and/or POM the MBR process should be selected; while if there is a large amount of DOM, especially hydrophobic DOM in the raw water, the BAC should be preferably considered.
